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(54) Methods and apparatus for generating gas turbine engine thrust 



(57) A pulse detonation system (1 2) for a gas turbine 
engine (1 0) includes a core engine (30). The pulse det- 
onation system is downstream from the core engine and 
is configured to create a temperature rise and a pres- 
sure rise within the gas turbine engine and to increase 



engine thrust. The pulse detonation system comprises 
a multi-staged pulse detonation augmentor (60) that 
comprises a predetonator (48) operable with at least a 
first operating stage wherein a less-than-stoichiometric 
fuel-air mixture is provided to the predetonator. 
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Description 

[0001] This invention relates to gas turbine engines, 
and more particularly, to a pulse detonation system for 
a gas turbine engine. 

[0002] Variable cycle turbofan ramjet engines may be 
used to provide aircraft flight speeds between low sub- 
sonic Mach numbers to high supersonic Mach numbers 
of about Mach 6. Known engines, as described in U.S. 
Patent Number 5,694,768, include a core engine sys- 
tem and a dual mode augmentor The dual mode aug- 
mentor provides additional heat to exhaust airflow exit- 
ing the core engine system to increase engine thrust. 
The core engine system provides power to drive a fan 
assembly and typically includes in serial, axial flow re- 
lationship, a compressor, a combustor, a high pressure 
turbine, and a low pressure turbine. The dual mode aug- 
mentor is positioned downstream from the core engine 
and receives air from the core engine and a bypass duct 
surrounding the core engine. However, augmentors are 
limited to a level of thrust increase by stoichiometry, and 
as a result, for an engine to operate efficiently over a 
wide range of operating flight speeds, several different 
combustion systems may be required. 
[0003] To facilitate optimizing thrust production, at 
least some known engines include pulse detonation 
systems which replace a conventional augmentor on a 
turbofan or turbojet engine, and which utilize a deflagra- 
tion process and a detonation process. The deflagration 
process is implemented using a plurality of mechanical 
valving. However, the performance of such systems is 
generally limited because of inherent deficiencies that 
may exist because the deflagration process consumes 
energy without the benefit of detonation, which occurs 
only on the remainder of any unconsumed fuel. Addi- 
tionally, any benefits gained from using such pulse det- 
onation systems, may be offset by an overall weight of 
the system. 

[0004] In one aspect of the invention, a method for 
generating thrust from a gas turbine engine using a 
pulse detonation system is provided. The engine in- 
cludes an inlet portion and an exhaust portion, and the 
pulse detonation system includes an pulse detonation 
augmentor including a multi-staged predetonator The 
method comprises supplying a less than stoichiometric 
fuel/air mixture to the pulse detonation system during a 
first operating stage, detonating the fuel/air mixture with 
the predetonator to increase the temperature and pres- 
sure within the engine and to generate engine thrust, 
and supplying additional fuel and air to the predetonator 
during a second operating stage. 
[0005] In another aspect of the invention, a pulse det- 
onation system for a gas turbine engine including a core 
engine is provided. The pulse detonation system is 
downstream from the core engine and is configured to 
create a temperature rise and a pressure rise within the 
gas turbine engine and to increase engine thrust. The 
pulse detonation system includes a pulse detonation 



augmentor including a multi-staged predetonator that is 
operable with at least a first operating stage wherein a 
less-than-stoichiometric fuel-air mixture is provided to 
the predetonator. 
5 [0006] In yet a further aspect, a gas turbine engine is 
provided. The engine includes an inlet portion, an ex- 
haust portion that is positioned co-axially with the inlet 
portion, and a pulse detonation system that is positioned 
between the inlet and exhaust portions. The pulse det- 
10 onation system is configured to create a temperature 
rise and a pressure rise within the engine and to in- 
crease engine thrust. The pulse detonation system in- 
cludes a pulse detonation augmentor including a multi- 
staged predetonator that is operable with at least a first 
is operating stage wherein a less-than-stoichiometric fuel- 
air mixture is provided to the predetonator. 
[0007] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a cross-sectional side view of a turbine 
engine including a pulse detonation system; 

Figure 2 is a partial cross-sectional view of a portion 
of the pulse detonation system shown in Figure 1 
and viewed from line 2-2; and 

Figure 3 is a cross-sectional side view of a turbine 
engine including an alternative embodiment of a 
pulse detonation system. 

[0008] Figure 1 is a cross-sectional side view of a gas 
turbine engine 10 including a pulse detonation system 
1 2. Figure 2 is a cross sectional view of a portion of pulse 
detonation system 12 taken along lines 2-2 shown in 
Figure 1 . In one embodiment, engine 1 0 is an F1 1 0/1 29 
engine available from General Electric Aircraft Engines, 
Cincinnati, Ohio. Engine 10 has a generally longitudi- 
nally extending axis or centerline 14 extending in a for- 
ward direction 16 and an aft direction 18. Engine 10 in- 
cludes a core engine 30 which includes a high pressure 
compressor 34, a combustor 36, a high pressure turbine 
38, and a power turbine or a low pressure turbine 39 all 
arranged in a serial, axial flow relationship. Engine 10 
also includes a bypass duct 44 that surrounds core en- 
gine 30, and enables fluid flow to be routed downstream 
from core engine 30 rather than through core engine 30. 
In an alternative embodiment, engine 1 0 includes a core 
fan assembly (not shown). An annular centerbody 50 
extends downstream from core engine 30. 
[0009] Pulse detonation system 12 is positioned 
downstream from core engine 30 such that at least por- 
tion of pulse detonation system 1 2 receives core engine 
combustion gases discharged from core engine 30 into 
an inlet 40 of a predetonation chamber 48. Pulse deto- 
nation system 1 2 is positioned upstream from a variable 
geometry exhaust nozzle 54, such that pulse detonation 
system 12 creates a temperature rise and a pressure 
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rise within engine 1 0 without the use of turbomachinery 
included within core engine 30 to generate thrust from 
engine 1 0. Pulse detonation system 12 includes a pulse 
detonation augmentor 60 that includes predetonation 
chamber 48, a detonation initiator 62 and an annular 
combustion chamber 64. 

[001 0] In the exemplary embodiment, chamber 64 in- 
cludes a chuted or daisy mixer 70 that extends circum- 
ferentially around centerbody 50 and is radially outward 
from centerbody 50. Mixer 70 is fabricated with a strut- 
ted frame 72 that divides mixer 70 into a plurality of 
chutes 74 that extend axially through mixer 70. More 
specifically, chutes 74 include a plurality hot chutes 76 
and a plurality of cold chutes 78. Chutes 74 are arranged 
in an alternating circumferential sequence such that 
each hot chute 76 is positioned between a pair of cir- 
cumferentially adjacent cold chutes 78. Hot chutes 76 
are sized similarly to cold chutes 78, but are positioned 
in flow communication with only core engine 10, while 
cold chutes 78 are positioned in flow communication 
with bypass duct 44. In the exemplary embodiment, mix- 
er 70 includes eight hot chutes 76 and eight cold chutes 
78. 

[0011] More specifically, chamber 64 extends be- 
tween a radially inner side 80 and a radially outer side 
82. An annular heat shield 84 is coupled to chamber in- 
ner side 80 to facilitate shielding chamber 64 from high 
temperatures generated within predetonation system 
48 and initial detonation system 62. More specifically, 
initial detonator 62 is defined radially inwardly from heat 
shield 84 and downstream from a resonator 86. Reso- 
nator 86 is coupled to centerbody 50 by a support mem- 
ber 88 that extends substantially axially downstream 
from centerbody 50. 

[0012] An annular liner 90 extends circumferentially 
around resonator support member 88 and a portion of 
resonator 86. Accordingly, liner 90 extends axially be- 
tween centerbody 50 and an upstream side of resonator 
86 to facilitate shielding support member 88 and a por- 
tion of resonator 86 from high temperatures that may be 
present within augmenter 60. 

[0013] During operation, airflow enters engine 1 0 and 
fuel is introduced to core engine 30. The air and fuel are 
mixed and ignited within core engine 30 to generate hot 
combustion gases. Specifically, pressurized air from 
high pressure compressor 34 is mixed with fuel in com- 
bustor 36 and ignited, thereby generating combustion 
gases. Such combustion gases drive high pressure tur- 
bine 38 which drives high pressure compressor 34. The 
combustion gases are discharged from high pressure 
turbine 38 into low pressure turbine 39. The core airflow 
is discharged from low pressure turbine 39 and directed 
towards pulse detonation system 1 2. 
[0014] The core airflow is channeled into pulse deto- 
nation system 1 2 and additional fuel is introduced to the 
subcomponent predetonation system 48 such that the 
local less than stoichiometric fuel-air mixture is in- 
creased to a fuel-air mixture that is greater than stoichi- 



ometric. For the purposes of this application, stoichio- 
metric combustion occurs when substantially all of the 
oxygen is consumed within the reaction. More specifi- 
cally, in the exemplary embodiment, during the first 
5 stage of augmentor operation, fuel is channeled into 
predetonator 48 to increase the local fuel-air mixture to 
approximately twice that of a stoichiometric fuel-air mix- 
ture. The fuel-rich mixture is then diluted to a favorable 
stoichiometry for detonation and is subsequently deto- 

10 nated such that a detonation wave/flamefront 1 00 is in- 
itiated by initial detonator 62 within a throat area 102 
defined by heat shield 84. The first stage thrust encom- 
passes the deflagration stage priorto detonation and up 
to the initiation of detonation. 

15 [0015] During a second stage of augmentor opera- 
tion, additional fuel is supplied to pulse detonation sys- 
tem 12 to transition from dry operation to modulation of 
reheat operation. Specifically, fuel is supplied to mixer 
70 such that the fuel mixes with core engine airflow 

20 channeled through hot chutes 76 and also with bypass 
airflow channeled through cold chutes 78. The fuel-air 
mixture is discharged from chutes 74 downstream from 
initial detonator 62. Expansion of detonation wave 100 
pressurizes the fuel-air mixture being discharged from 

25 mixer 70 into a detonation regime such that the com- 
bustion process re-occurs, and the exhaust gases and 
the fuel-air mixture are reignited, such that a series of 
pressure waves 110 are created. More specifically, 
waves 1 1 0 propagate aftward at supersonic speeds and 

30 compresses hot combustion gases to produce thrust as 
pressure waves 110 exit pulse detonation system 12. 
Accordingly, mixer 70 facilitates substantially constant 
volume combustion within pulse detonation augmentor 
60, such that modulated thrust is generated with pulse 

35 detonation system 12. Accordingly, modulation of re- 
heat is facilitated through sequencing and staging of 
pulse detonation system 1 2, such that augmented thrust 
is produced from engine 1 0, while deflagration fuel con- 
sumption is facilitated to be minimized. 

40 [0016] Figure 3 is a cross-sectional side view of tur- 
bine engine 10 including an alternative embodiment of 
a pulse detonation system 200. Pulse detonation sys- 
tem 200 is substantially similar to pulse detonation sys- 
tem 12 (shown in Figures 1 and 2) and components of 

45 detonation system 200 that are identical to components 
of pulse detonation system 12 are identified in Figure 3 
using the same reference numerals used in Figures 1 
and 2. Accordingly, pulse detonation system 200 in- 
cludes a multi-staged pulse detonation augmentor 202 

so that includes initial detonator 62 and an annular com- 
bustion chamber 204. Annular chamber 204 is substan- 
tially similar to chamber 64 (shown in Figure 1 ), and in- 
cludes mixer 70 (shown in Figure 2), strutted frame 72 
(shown in Figure 2), and chutes 74 (shown in Figure 2). 

55 [0017] Chamber 204 extends circumferentially 
around centerbody 50 and is radially outward from cen- 
terbody 50. A fuel passageway 210 extends circumfer- 
entially around chamber 204, such that chamber 204 is 
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positioned radially inwardly from passageway 210. Pas- 
sageway 210 extends downstream from chamber 204. 
More specifically, passageway 210 is in flow communi- 
cation with bypass duct 44 and extends circumferential- 
ly around centerbody 50, such that passageway 21 0 is 
radially outward from centerbody 50. A plurality of atom- 
ized fuel injectors 220 are in flow communication with 
passageway 210 for injecting atomized fuel into pas- 
sageway 210, as described in more detail below. 
[0018] During operation, airflow enters engine 10 and 
fuel is introduced to core engine 30. The air and fuel are 
mixed and ignited within core engine 30 to generate hot 
combustion gases. Specifically, pressurized air from 
high pressure compressor 34 is mixed with fuel in com- 
bustor 36 and ignited, thereby generating combustion 
gases. Such combustion gases drive high pressure tur- 
bine 38 which drives high pressure compressor 34. The 
combustion gases are discharged from high pressure 
turbine 38 into low pressure turbine 39. The core airflow 
is discharged from low pressure turbine 39 and directed 
towards pulse detonation system 12. 
[0019] The core airflow is channeled into pulse deto- 
nation system 200 and additional fuel is introduced to 
pulse detonation system 200 such that the less than sto- 
ichiometric fuel-air mixture is increased to a fuel-air mix- 
ture that is greater than stoichiometric. For the purposes 
of this application, stoichiometric combustion occurs 
when substantially all of the oxygen is consumed within 
the reaction. More specifically, in the exemplary embod- 
iment, during the first stage of augmentor operation , fuel 
is channeled into pulse detonation system 200 to in- 
crease the fuel-air mixture to approximately twice that 
of a stoichiometric fuel-air mixture. The fuel-rich mixture 
is then detonated such that a detonation wave/flame- 
front 100 is initiated by detonator 62 within throat area 
102. 

[0020] During a second stage of augmentor opera- 
tion, additional fuel is supplied to pulse detonation sys- 
tem 200 to initiate a transition from dry operation to mod- 
ulation of reheat operation. Specifically, fuel is supplied 
to mixer 70 such that the fuel mixes with core engine 
airflow channeled through hot chutes 76 and also with 
bypass airflow channeled through cold chutes 78. The 
fuel-air mixture is discharged from chutes 74 down- 
stream from initial detonator 62. Expansion of detona- 
tion wave 1 00 pressurizes the fuel-air mixture being dis- 
charged from 70 into a detonation regime such that the 
combustion process re-occurs, and the exhaust gases 
and the fuel-air mixture are reignited, such that a series 
of pressure waves 110 are created. More specifically, 
waves 110 propagate aftward at supersonic speeds and 
compresses hot combustion gases to produce thrust as 
pressure waves 110 exit pulse detonation system 12. 
[0021] During a subsequent stage of augmentor op- 
eration, variable geometry exhaust nozzle 54 is opened 
and additional fuel is supplied to passageway 210 
through fuel injectors 220. Opening nozzle 54 facilitates 
transfering a sonic throat from a throat defined within 



nozzle 54 upstream to adjacent passageway 210. The 
fuel is mixed with fluid flow discharged from bypass duct 
44 and the fuel-air mixture is discharged from passage- 
way 210 downstream from chamber 204. Expansion of 

5 pressure waves 110 pressurizes the fuel-air mixture be- 
ing discharged from passageway 210 into a detonation 
regime such that the combustion process re-occurs, and 
the exhaust gases and the fuel-air mixture are reignited, 
creating a series of pressure waves 230. More specifi- 

io cally, waves 110 propagate aftward to produce modu- 
lated thrust from engine 1 0. Alternatively, a series of ad- 
ditional stages of augmentor operation are used to pro- 
duce additional modulated thrust from engine 10. 
[0022] The above-described pulse detonation system 

15 includes at least one pulse detonation augmentor which 
produces additional engine thrust without the use of tur- 
bomachinery. More specifically, the pulse detonation 
augmentor is multi-staged such that modulation of re- 
heat is accomplished through sequencing and staging 

20 of the pulse detonation augmentor. As a result, engines 
using the pulse detonation system obtain increased 
thrust and modulated thrust which permits an engine to 
operate with a high efficiency and increased perform- 
ance over a wide range of operating flight speeds. 

25 [0023] Exemplary embodiments of pulse detonation 
systems are described above in detail. The systems are 
not limited to the specific embodiments described here- 
in, but rather, components of each specific pulse deto- 
nation system may be utilized independently and sepa- 

30 rately from other components described herein. For ex- 
ample, each pulse detonation augmentor component 
can also be used in combination with other pulse deto- 
nation augmentor components and other configurations 
of pulse detonation systems. 

35 

Claims 

1 . A pulse detonation system (12) for a gas turbine en- 
40 gine (10) including a core engine (30), said pulse 

detonation system downstream from the core en- 
gine and configured to create a temperature rise 
and a pressure rise within the gas turbine engine 
and to increase engine thrust, said pulse detonation 
45 system comprising a multi-staged pulse detonation 
augmentor (60) comprising a predetonator (48) op- 
erable with at least a first operating stage wherein 
a less-than-stoichiometric fuel-air mixture is provid- 
ed to said predetonator. 

50 

2. A pulse detonation system (12) in accordance with 
Claim 1 wherein said augmentor (60) further oper- 
able with at least a second operating stage during 
which a stoichiometric fuel-air mixture is provided 

55 to said augmentor. 

3. A pulse detonation system (12) in accordance with 
Claim 1 wherein said augmentor (60) facilitates pro- 
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ducing modulated thrust from the gas turbine en- 
gine (10). 

4. A pulse detonation system (1 2) in accordance with 
Claim 1 wherein the gas turbine engine (10) in- 5 
eludes a centerbody (50) extending aftward from 
the core engine (30), said pulse detonation aug- 
mentor (60) further comprises an annular combus- 
tion chamber (64) extending circumferentially 
around the engine centerbody. 10 



detonation system (12) downstream from said core 
engine such that said pulse detonation system is in 
flow communication with said bypass duct and said 
core engine. 



5. A pulse detonation system (1 2) in accordance with 
Claim 4 wherein said annular combustion chamber 
(64) is radially outwardly from the engine center- 
body (50) and comprises a plurality of axial chutes 15 
(74). 



6. A pulse detonation system (1 2) in accordance with 
Claim 4 wherein said annular combustion chamber 
(64) comprises a plurality of first axial chutes (76) 20 
and a plurality of second axial chutes (78), said first 
axial chutes in flow communication with fluid flow 
exiting the core engine (30), said second axial 
chutes in flow communication with fluid flow by- 
passing the core engine. 25 

7. A pulse detonation system (12) in accordance with 
Claim 6 wherein each said first axial chute (76) is 
between a pair of circumferentially adjacent second 
axial chutes (78). 30 

8. A pulse detonation system (12) in accordance with 
Claim 5 wherein said pulse detonation augmentor 
(60) further comprises a plurality of fuel atomizing, 
spray nozzles (220) for supplying fuel downstream 35 
from the core engine (30). 



9. A gas turbine engine (1 0) comprising: 



an inlet portion; 40 
an exhaust portion positioned co-axially with 
said inlet portion; and 

a pulse detonation system (12) positioned be- 
tween said inlet and exhaust portions, said 
pulse detonation system configured to create a 45 
temperature rise and a pressure rise within said 
engine and to increase engine thrust, said 
pulse detonation system comprising a multi- 
staged pulse detonation augmentor (60) com- 
prising a predetonator (48) that is operable with so 
at least a first operating stage wherein a less- 
than-stoichiometric fuel-air mixture is provided 
to said augmentor. 



10. A gas turbine engine (10) in accordance with Claim 55 
9 further comprising a core engine (30) configured 
to power said engine, and a by-pass duct (44) to 
channel flow around said core engine, said pulse 
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